The structures of magnesium bis (trifluoromethylsulfonyl) 
Introduction
Since the discovery of bis(trifluoromethylsulfonyl)amide in Xe[(N(SO 2 CF 3 ) 2 ] 2 by Foropoulos and DesMarteau, [1] N(SO 2 CF 3 ) 2 − (TFSA − ) salts have been investigated by many research groups.
[2] Nowadays, these salts have applications as electrolytes in secondary batteries [3] or fuel cells, [4] and as catalysts in Diels-Alder [5] and Friedel-Crafts reactions. [6] Recently, Mg[TFSA] 2 received recognition as an electrolyte in Mg secondary batteries, which are interesting candidates for post Li-ion batteries due to their high specific capacities, low reduction potential, and the reasonable price of magnesium. [7] However, there is little information on the structure of these electrolytes. For instance, the first report of a Mg 2+ coordination state in Mg[TFSA] 2 -based electrolytes, investigated by computational modeling, appeared in 2015. [8] Our recent crystallographic and spectroscopic work revealed that Mg 2+ in the Mg[TFSA] 2 -acetonitrile system adopts a homoleptic octahedral coordination with six N atoms from acetonitrile molecules.
[2n] To our knowledge, the crystal structure of pure Aside from practical applications, TFSA − salts are interesting targets for structural investigation. TFSA − anions can interact with metal centers as bidentate ligands or can bridge several metal centers. [9] Cation-anion and fluorous interactions between CF 3 groups commonly contribute to the formation of hydrophilic and hydrophobic domains in the lattices of TFSA salts. [9] [10] In 1998, Johansson et al. predicted the existence of trans and cis conformations for TFSA − using ab initio calculations. [11] The difference between conformers consists in the relative positions of the CF 3 groups with respect to the S−N−S plane; in the trans conformation, these groups are located on opposite sides of the plane, while in the cis conformation, they are on the same side. In the same year with the original computational work, crystallographic evidence of both conformers was obtained by Žák et al. [12] Further work has allowed the regularity of the TFSA − conformation in different lattices to be tracked. The trans conformer usually occurs in structures with weak cation-anion interactions, while the cis conformer occurs in structures where TFSA − is bound to a metal center. [9, 13] However, exceptions to these rules also exist, including several examples where the anion adopts a trans conformation while coordinated to the metal core; [9] for instance [Rb(dioxane) 2 ][TFSA], [14] [Rb(H 2 O)][TFSA], [13] Zn[TFSA] 2 , [6] Li [TFSA] , [4b, 15] and (p-cymene)Ru[TFSA] 2 .
[3d] To our knowledge, there is only one example of a TFSA − anion adopting a cis conformation without contacting the metal center, found in a 1,3-dimethyimidazolium salt, [16] for which the authors suggested that the formation of polar (charged) and apolar (fluorous) sheets in the lattice leads to stabilization of this conformation.
In the present work, an approach to grow high-quality Mg[TFSA] 2 crystals was established, allowing its crystal structure to be determined for the first time. In order to identify a general trend regarding the coordination environment of Mg 2+ 2 , has previously been reported, [9, 17] the low-temperature data collection identified a new phase for this compound, which is also discussed. the basis of the crystallographic data acquired. Raman spectra acquired for the coordination compounds prepared supplemented the discussion of TFSA -bonding strength in these compounds, in terms of "weakly-bonded" and "strongly-bonded" systems.
Results and discussion

General remarks
All crystals in this study appeared to be transparent and colorless, and are stable in air for a short (<5 min) time. 
Crystal structures
Crystallographic data and refinement results for the present crystal structures are provided in Table 1. Geometrical parameters related to the Mg  2+ coordination environment and the   TFSA  − anions are summarized in Tables 2 and 3, respectively (see Tables S1−S11 in the   Supporting Information for further details) .
TFSA − anion geometry
There are two enantiomers of trans-conformers observed in crystal structures, which differ in the sign of the C−S−N−S torsion angles. The two C−S−N−S angles in the cis conformer always have similar absolute values with opposite signs, whereas those in trans conformers always have the same sign. When both C1−S1−N1−S2 and S1−N1−S2−C2 torsion angles have negative values, the conformer might be denoted as N-trans; it is denoted as P-trans when both are positive (all TFSA -anion conformers and the numbering scheme used herein are shown in Figure S1 ). These two conformers are enantiomers. [18] and [pyr 12 ][TFSA] [19] (pyr 12 = N-ethyl-N-methylpyrrolidinium).
Rotation around the S-N bond provides mechanical flexibility, which has a plasticizing effect on the polymer electrolytes, making the system more conductive. [11] At the same time, the possibility of CF 3 group rotation around the S−C bond results in rotational isomers. 
Utilizing sublimation as a convenient technique for the purification of metal TFSA − salts was first reported by Earle et al. [6, 21] Figure 1 ; some atom labels are omitted for clarity). The peculiar disorder of the anion was unique to this structure. The part marked "a" corresponds to the trans conformation, and "b"
the cis conformation. To our knowledge, this is the first example of a compound containing both conformers of TFSA -in a disordered manner, sharing the same position in the crystal lattice. The mode of disorder could be best described as follows. The CF 3 SO 2 N group of the anion, containing C1 and S1 atoms, is fixed, with the remaining SO 2 CF 3 group, containing S2 and C2 atoms, adopting two positions that differ in the relative position of CF 3 with respect to the plane of Mg1, S1, and N1 atoms. The fractions of trans and cis were determined to be 82% and 18%, respectively, from the crystallographic data and were essentially unchanged in all crystals examined, despite being picked from different batches. This ratio was also unaffected by temperature; crystals recorded at −120 °C and −10 °C had a constant ratio of trans to cis conformers, with a deviation of ±1%. Thermal ellipsoids are drawn at the 30% probability level. for clarity. Thermal ellipsoids are drawn at the 30% probability level (symmetry codes: (i) 1- The C−S···S−C torsion angle in TFSA − , which has been used frequently for the discussion of TFSA − geometries, [20a] had values of −134.2(3)° (C1−S1···S2a−C2a) in the trans conformer and −3.8(7)° (C1−S1···S2b−C2b) in the cis conformer. The geometry was significantly distorted from that of the stationary point obtained in a previous computational study, which predicted the torsion angle to be approximately 170° for trans and 30−70° for cis conformers. [20a] Presumably, this difference was caused by interaction with the small Mg shown in Figure S2 . The lattice consists of 1D chains oriented along the crystallographic c axis and organized in 2D layers. Formation of the layered structure containing fluorous apolar domains has been commonly observed in alkali and alkali earth metal TFSA − salts [4b, 9, 13, 22] as well as in trifluoromethylsulfonates and fluorosulfates. [23] Figure S3 ). It should be noted that a wet Mg[TFSA] 2 sample produced endothermic peaks during the heating scan in DSC that originated from the hydrates (see Figure S4 ). The DSC patterns of the same sample kept under dynamic vacuum at 200 °C for 5 h and 15 h appeared to be completely different, with the most intense endothermic peaks disappearing from the sample dried for longer.
Presumably, the peaks at around 100 °C were due to the residual hydrates. These peaks could be erroneously considered as those for phase transitions of Mg[TFSA] 2 . Compound, anion conformation C1−S1 S1−N1 N1−S2 S2−C2 C1−S1−N1−S2 S1−N1−S2−C2 C1−S1···S2−C2 Source Figure S5) ; the chains in the lattice contain exclusively Mg1 or Mg2.
Although both ethyl acetate molecules are disordered (see Figure S6 for structures adopted cis conformations, as is common for strongly-bonded bidentate anions. [9] .
The packing diagrams for both compounds are shown in Figure 5 . Table S5 and Figure S7 ). Figure 6 . The Table S6 for more details).
One of the most intriguing and unusual features of this structure was the trans conformation of the TFSA -anion when bound to the metal core (see Table 3 Table S7 and Figure S8 for details). It should be noted that the O•••H distances of O6-H6o•••O2 and O5-H5o•••O1 were 2.07 Å and 2.01 Å, respectively, which is significantly shorter than the sum of van der Waals radii of oxygen and hydrogen atoms (2.72 Å [26] ). data was recorded at 113 K and the cell parameters were slightly different to those determined at 295 K in a previous report (see Table 1 ).
[9] Figure 8 shows structures adopt trans conformations, which is common for weakly-bonded anions [9] (see Table 3 for details). The packing diagrams for both compounds are shown in Figure 9 (see Tables S10 and S11 for 
respectively). It should be noted that no D-H•••A interactions
were below the van der Waals radii observed with F atoms. 
Vibrational spectroscopy
Vibrational modes of TFSA − were first analyzed by Rey et al. using ab initio calculations for the trans conformer. [2a] Later, normal coordinate analysis was also carried out for the cis conformer. [20a] Raman spectroscopy can be used to reveal the coordination state of TFSA − anions at a metal core in the solid and liquid states, including ionic liquids. . [13, 31] The conformation of TFSA − was also derived from Raman spectroscopy. According to literature sources, ω(SO 2 ) (ω = wagging) band is used for the identification of TFSA − conformation, [2h, 20a, 29-30, 32] and is expected to appear at around 398 and 407 cm -1 for trans and cis conformers, respectively, according to work on Figure 11 , and band assignments are listed in Table   4 . The Raman spectrum of ethanol, used to identify bands assigned to the ethanol ligand, is shown in Figure S10 . Figure 11 and Table 4 ).
The most intensive band in the spectrum of Mg[TFSA] 2 was observed at 754 cm −1 , which correlated with the spectrum recorded for powder in our previous work [2n] and matched the frequency from Giffin et al. Table 4 for other ω(SO 2 ) band positions). bands were of too low intensity to be detected. [a]
[a] Frequencies assigned to the anion are given in cm -1 . Intensities are scaled relative to the intensity of the δ(CF 3 )+ʋ s (SNS) mode, which is assigned a value of 100. [1] Symbols denote the following: ν a , asymmetric stretching; ν s , symmetric stretching; δ s , scissoring; ρ, rocking; ω, wagging; and τ, twisting. Assignments are based on previous reports. [2a, 30] The symbol * denotes bands assigned to the ligands. 140 (12) 119 (26) 119 (4) 119 (22) deformation modes
191 (1) 169 (9) 169 (1) 219 (4) 215 (4) 209 (1) 249 (9) 227 (4) 282 (6) 278 (63) 278 (7) 272 (41) ν (Mg···O) 319 (20) 294 (25) 295 (8) 298 (23) δ(FCS)
311 (11) 315 (6) 313 (61) ρ(SO 2 )
355 (6) 335 (10) 336 (8) (7) 418 (2) 416 (9) 410 (17) 537(2) δ a (CF 3 ) 581 (6) 569 (6) 559 (5) 559 (12) 570 (3) (9) 1197 (2) 1195 (1) ʋ s (CF 3 ) 1225 (13) 1218 (4) 1205 (2) 1223 (9) 1252 (8) 1252 ( Integration, scaling and absorption corrections were performed using RAPID AUTO 2.40 software.
[34] The structure was solved using SIR-2008, [35] SIR-2014, [36] and refined by SHELXL-97 [37] in WinGX software. [38] Ortep 3 [39] was used to visualize the crystal structures.
Raman spectroscopy
All spectra were recorded using a Nanofinder 30 (Tokyo Instruments) microfocus Raman spectrometer with a 632 nm He-Ne laser. The Raman spectrum of Mg[TFSA] 2 crystals was recorded through the glass ampoule after sublimation was complete. The adducts were sealed in 1 mm glass capillaries under a dry atmosphere to avoid the presence of water, and Raman spectra were recorded through the glass walls. The band of polycrystalline Si (520.6 cm -1 ) was used to calibrate the spectrometer before each measurement.
DSC
Thermal analysis for the Mg[TFSA] 2 sample was performed by using a differential scanning calorimeter (DSC-60, Shimadzu). The samples were sealed in Al cells under a dry air atmosphere. The scan rate used for the measurements was 10 K min −1 , and the machine was flushed with Ar for 10 min prior to every measurement.
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